Highly accreting quasars are characterized by distinguishing properties in the 4D eigenvector 1 parameter space that make them easily recognizable over a broad range range of redshift and luminosity. The 4D eigenvector 1 approach allows us to define selection criteria that go beyond the restriction to Narrow Line Seyfert 1s identified at low redshift. These criteria are probably able to isolate sources with a defined physical structure i.e., a geometrically thick, optically thick advectiondominated accretion disk (a "slim" disk). We stress that the importance of highly accreting quasars goes beyond the understanding of the details of their physics: their Eddington ratio is expected to saturate toward values of order unity, making them possible cosmological probes.
Introduction
It is now widely accepted that quasars are a manifestation of accretion over a massive compact object, most likely a black hole (see [27, 83] for reviews and for an excellent systematic presentation). The gravitational force exerted by a black hole on the surrounding gas is of course proportional to its mass M BH . Accretion phenomena are however rather mass invariant, so that no great observational diversity associated with black hole mass is expected: accretion luminosity can be written as L acc ∝ M BHṀ /r, where r indicates a distance from the black hole customarily identified with the radius of the innermost stable close orbit (ISCO). The r ISCO is a decreasing function f (a) of the black hole specific angular momentum per unit mass a, but in any case ∼ r g . It follows that L acc ∝Ṁ f (a) −1 : the energy output is independent of the black hole mass M BH and explicitly dependent on a [86, 129] . Not surprisingly, similarities have been found between stellar mass and supermassive black holes that include superluminal motion [76] , accretion disk structure (the standard α-accretion disk model applied to quasar continuum was originally developed for black holes in binary stellar systems, [101] ), presence of a hard-(low accretion) and soft-(high accretion) state [e.g., 93, 43] affecting the shape of the soft X-ray continuum [e.g., 133, 42] , possibly through a jet-accretion disk symbiosis [34, 48] . 1 An interesting analogy involves even the Narrow Line Seyfert 1 (NLSy1) prototype I Zw 1 and two accreting white dwarfs with jets [139] , where the optical Feii emission appears to be strikingly similar.
Type-1 Active Galactic Nuclei (AGN) and quasars do however show a great diversity in observational properties [112] . Physical parameters others than M BH alone should be sought to explain their diversity. Since quasars radiate up to 10 48 ergs s −1 , it is also reasonable to assume that a relevant force acting on the photoionized, line emitting gas at 100 -1000 r g the black hole is due to radiation. Internal broad line shifts in the spectra of quasars have turned out to be powerful diagnostics of radiation forces, and their exploitation has gone on a par with the availability of multi-frequency observations since the early 1980s [39, 16, 64] . High ionization lines (HILs, most notably Civλ1549) have been found to show systematic blueshifts that can reach several thousands km s −1 with respect to the low-ionization lines (LILs) and to the best estimates of the rest frame of the host galaxy. Evidence of outflows is now considered overwhelming on small (1pc) and large (kpc) spatial scales [33, 60, 23] . On small scales compelling evidence is provided by blueshifted emission lines [39, 64] , blueshifted broad absorptions lines (BAL) observed in ≈ 10 % of QSOs [see 88 , for a fully developed line of reasoning], as well as by blueshifted features belonging to the soft X warm absorber or to "ultra-fast outflows" [e.g., 11, 123] . These finding indicate that radiation forces are likely driving an high-ionization outflow from the accretion disk surrounding the central black hole [83] . Several observational properties seem to be indeed governed by the forces due to gravity and radiation, and by their relative balance [56, 36, 85, 65] .
The hope of organising quasar observational diversity on a physical basis rests therefore on defining a parameter that is ∝Ṁ normalized by M BH . The key to recognise highly accreting quasars is to find efficient observational markers that unambiguously identify them by exploiting effects of accretion and radiation forces. Theoretically, there is a limit of ≈ a few times the Eddington luminosity [75] for sources accreting at an arbitrarily large dimensionless accretion rateṁ ≫ 1. Observationally, conventional Eddington ratio estimates ( §3.1) indicate an lower limit at L/L Edd ∼ 0.01 and an upper limit at ≈ 1. Therefore the term highly accreting (xA) quasars will be used as synonym for quasars accreting close to the Eddington limit.
2
It is possible to empirically organise quasars following the so-called eigenvector 1 (E1) 1 Powerful radio emission is unsteady, or even impossible at high L/L Edd [35, 91, 82] for Galactic black hole candidates. It is still debated whether a close analogy can be made with quasars.
2 L/L Edd is a parameter that can be fully determined from observations: L/L Edd ∝ L/M BH , the ratio of accretion (bolometric) luminosity to black hole mass. On the converse the dimensionless accretion rate isṁ =Ṁ /Ṁ Edd , with L = ηṀ c 2 . The efficiency η can be factored into two terms: η = η 1 (Ṁ )η 2 (a). Since η 2 (a) of an individual quasar is presumably the same for all accretion rates,
scheme [14] , especially in its 4D formulation (4DE1: [112, 115] , §2). The empirical organisation defines a quasar main sequence that is primarily a sequence of Eddington ratio [71, 3, 67] , as expected from the elementary considerations made above. After reviewing the systematisation of quasar diversity, the physical interpretation of eigenvector 1 related correlations ( §3) and the rationale for two quasar populations ( §4), we will turn to the identification of extreme accretors at low-and high-z . Even if quasar sample sizes increased tremendously in the last decades, there are still major observational limitations related to an unavoidable Eddington ratio bias ( §5.1). Overcoming this bias requires criteria that are as much as possible luminosity-independent ( §6). Last we discuss the possible exploitation of highly accreting sources as distance indicators ( §7). The optical plane of the 4DE1 parameter space, FWHM (Hβ) (broad component) vs. R FeII . Grey dots represent the data points of [141] for z ≤ 0.7, with a high R FeII tail extending above R FeII =1, considered as a defining criterion for identifying higly accreting (xA) quasars. Note that part of Pop. A (actually, about 80% of Pop. A quasars) are excluded (shaded area). The limit for NLSy1 and for Pop. A at low-L (log L < ∼ 46 [ergs s −1 ]) is shown along with the position of the prototype source I Zw 1.
Organizing quasar diversity: the 4DE1 approach
Over the past 15 years our group developed an empirical context to interpret the spectroscopic diversity of quasars [64, 112] . The work began at low redshift (z < 0.8) where a four-dimensional parameter space has been exploited using optical, UV and X-ray measures [115] to define a 1 dimensional sequence (the so-called Eigenvector 1 of quasars; [71] ). The four dimensions of the parameter space are defined as follows:
• Full width at half maximum of broad Hβ (FWHM Hβ) which is our diagnostic low ionization line (LIL) accessible out to z = 0.7 with optical (and intermittently to z = 3.7 with infrared) spectroscopy [68, 141, 92, 107] . FWHM Hβ, FWHM Mgiiλ2800, [66, 67] , or perhaps even FWHM Paα [52] are thought to be a measure of virialized motions in the line emitting regions and are crucial for estimating M BH .
• Intensity ratio of the 4570Å optical Feii blend and broad Hβ (R FeII = Feiiλ4570/ Hβ). R FeII is sensitive to the ionization conditions and column density of the BLR gas [71, 36, 65] arising, at least to a first approximation, in some of the gas that produces Hβ.
• Centroid shift at half maximum of the HIL Civλ1549 (c(
It is a diagnostic of winds/outflows [64, 97] .
• Soft X-ray photon index (Γ soft ). Γ soft is diagnostic of the thermal emission from the accretion disk, sensitive to the accretion state [133, 42] ,
It is important to stress that the Eigenvector 1 correlated parameters are many more than the ones involved in the 4DE1 space: among them, the spectral energy distribution [51, 122] , the relation between X-ray continuum and Civλ1549 properties [50] , the ratio between optical and UV Feii emission [99] , and most notably, the ratios Aliiiλ1860/ Siiii]λ1892, and Siiii]λ1892/ Ciii]λ1909 [5, 137, 4 , 61] discussed in §6. The E1 space extends also to the optical variability of quasars [55] , the far-IR luminosity [127] . Even the Baldwin Effect -hailed as the most important luminosity effect -is at least in part due to the HIL equivalent width correlations associated with E1 [4, 7, 57, 63] . Fig. 1 shows the optical plane of the 4DE1 parameter space, FWHM (Hβ) (broad component) vs. R FeII , with lines separating Pop. A and B and NLSy1s sources. The dotted lines identify spectral bins in the plane separated by ∆R FeII =0.5 and ∆ FWHMHβ= 4000 km s −1 ( §4). The eigenvector 1 results make it possible, once an empirical sequence is established, to consider two approaches in data analysis: (1) the use of a limited number of sources (few, or even 1 at worst, [65] ) that belong to the same spectral bin in the sequence and that therefore show consistent optical and UV properties; (2) the use of larger samples, especially if the individual data are of low S/N. In this case, median composites can be meaningfully built for individual sources belonging to the same bin along the sequence, if and only if individual data S/N is high enough to allow for a bin assignment. This minimum S/N is a requirement to avoid systematic effects on FWHM and EW of lines (see, for example, Fig. 5 of [103] ). UV and optical composite spectra along the E1 sequence have been shown by [4, 68] .
3 Physical interpretation of E1
Black hole mass and Eddington ratio computations
The virial black hole mass can be written as M BH = f S r em δv 2 /G, where f S is the emitting region structure factor, δv is the virial broadening estimator, and r em is a characteristic distance from the black hole of the line emitting gas (i.e., in practice the distance derived from reverberation mapping, [102, 60] for reviews). Evidence in support of virial motion for the line emitting gas comes from three lines of investigation: (1) velocity resolved reverberation mapping studies [40, 47, 41] that exclude outflow as the broadening source in at least LILs; (2) the anticorrelation between line broadening and the time lag of different lines in response to continuum variation [90, 89, 49] . This relation has been found for a few nearby objects extensively monitored (none of them an extreme radiator) with a slope close to the one expected from the virial relation. (3) More circumstantial evidence for virial motion is provided by symmetric and unshifted 3 Hβ line profiles of NLSy1-like sources [125, 70] . There is a growing consensus that the line width of LILs (Hβ and Mgiiλ2800) can be considered a reliable virial broadening estimator [66, 124] . UV intermediate emission lines -but not an HIL like Civλ1549! [118, 84] -have been found suitable as well [81] , at least for low-z quasars.
A flattened geometry of the line emitting region [136, 74, 22, 46] is suggested by the dependence of line width on the viewing angle. There are few fortunate cases when the viewing angle can be estimated (for example, if superluminal motion is detected: [119] ); otherwise, orientation effects emerge on a statistical basis by comparing the average line widths of LD and CD RL sources [72, 140] . Accurate and precise measures of the quasar luminosity and the connection between radial velocity and deprojected velocity are orientation dependent [98] . However, the viewing angle is a parameter that is in general unknown for all radio-quiet sources, both of Pop. A and B.
Computation of Eddington ratio requires an estimate of a bolometric correction that is most likely orientation-and possibly luminosity-dependent. Assuming a constant bolometric correction from the optical and UV does not seem appropriate even if the scatter around an average may not be very large [96] . The bolometric correction is certainly dependent upon E1, although a systematic estimate of the correction as a function of spectral type for optical and UV observations is not available as yet.
The 4DE1 main sequence
The 4DE1 diagram can be seen as a surrogate H-R diagram for quasars, and is now understood to be mainly driven by Eddington ratio [112, 71, 65, 13, 36, 26] . There is a systematic Eddington ratio trend along the quasar main sequence in Fig. 1 , with Pop. A sources being higher radiators. The trend is well illustrated in a study where spectral types are defined over a sample of 680 Sloan Digital Sky Survey (SDSS) sources, and L/L Edd is computed for each spectral type [66] . log L/L Edd increases monotonically along the 4DE1 sequence from -1.62 (spectral type B1 ++ ) to -0.14 (spectral type A4 representative of xA sources).
The blue ward asymmetry observed in the Civλ1549 profile indicates that at least a part of the HILs is emitted in outflowing gas where the receding part of the flow is obscured [39, 64, 96] . The prominence of the outflow is maximised at the high Eddington ratio end of the 4DE1 sequence [64, 65] .
Orientation is acting as a source of scatter smearing the main sequence in the 4DE1 optical plane [71, 119] . Black hole mass and, to a lower extent, metallicity are also found to have a broadening effect on the 4DE1 sequence [110, 139] . We have also to consider that, even if 4DE1 eases the systematization of quasar spectral properties, a full understanding of some parameters used in the formulation of the 4DE1 itself is still missing. For example, the emission mechanism of Feii is still unclear, especially for strong Feii emitters as found in A3 and A4 spectral types ( [21, 44, 58] review of the "Feii problem").
Two AGN populations: A and B, and the standard model
The first suggestion of two populations of unobscured type 1 quasars and luminous Seyfert 1 nuclei was made in 2000 [112, 115] , on the basis of the source distribution in 4DE1. The two populations (A and B(roader)) were separated at the empirical limit FWHM Hβ= 4000 km s −1 that can be deduced from Fig. 1 . Population A and B are interpreted as populations of sources accreting at different rates [72] , with higher rate for Pop. A (that includes classical NLSy1s) and lower for Pop. B (that includes the most evolved FRII radio sources; see reviews on the topic by [120, 108] ; Sulentic et al. [109] provide a table listing major differences between the two Populations). Here we remind that Pop. A sources show large Γ soft , a high frequency of large Civλ1549 blueshifts [109] , as well as low Civλ1549 EW (typically ≈50Å [109] ). The A/B separation has been recognised by several workers, who discuss Hβ profile shape differences for narrower and broader sources [22, 72, 113, 141] . Pop. A sources with blue shifts have been called wind dominated sources, and Pop. B disk dominated [95] . A soft state (i.e., large Γ soft ) with strong winds has been identified in quasars and stellar mass black holes as well [91] .
Conservation of angular momentum leads to the formation of a Keplerian (or quasiKeplerian) accretion disk around the center of gravity provided by the black hole. Over the years, optical and UV continuum fits have revealed the stretched black body spectral energy distribution (SED) that supports the accretion disk idea [104, 54] . 4 Theoretical models indicate that the disk is optically thick within the range of accretion rates of type-1 quasars (ṁ > ∼ 0.01, [72, 79] ). Geometrical thickness is affected by accretion rate: the accretion disk is expected to form a "slim" structure ifṁ
]. This condition is consistent with an L/L Edd limit that was derived from observations ≈ 0.15 [72] . Fig. 2 shows a scheme illustrating a possible structure for quasars of Pop. A. The main physical constituent are a geometrically thick advection flow around a central spinning black hole that defines a preferential symmetry plane. LIL emitting gas may be in a flattened cloud configuration associated with the disk at the base of high-ionization winds. At low accretion rates, the flow may remain geometrically thin down to r ISCO .
A recent, extensive review on accretion disks is provided by Abramowicz & Straub [2] . Here we point that that the rapid radial drift due to the efficient loss of angular momentum in the advection dominated accretion flow makes it difficult to predict structure and observational properties. There is still no clear, complete model connecting the slim disk structure to the observed emission line profiles for LILs, and to the strong high ionization wind present in sources where a slim disk is expected. Only a very recent work attempts to explain the observed Lorentzian profiles in Pop. A as due to two components, one exposed to the hottest part of the slim disk within a funnel, and and the other affected by self-shadowing [132] . Self-shadowing and anisotropy in continuum emission should be considered especially in light of the possible cosmological exploitation of extreme accretors ( §7, [61, 130, 132] ). However, the distinction between Pop. A and B is the first step to recognise highly accreting quasars as the Pop. A / B transition be associated with a change in structure of the accretion flow. 
A Universe of quasars
There has been a tremendous growth in data availability for quasar that makes even more necessary a systematic organisation of their properties in physical terms. We have moved from the color-based selection of quasars of the 1980s that yielded samples of ∼ 100 objects with "good" spectra, to progressively larger samples like the one of the LBQS that, in the early 1990s, involved ∼ 10 3 sources. The early data release of the SDSS accounted for another order of magnitude leap in sample size, with ∼ 10 4 sources. The IIIrd SDSS generation has lead to several 10 5 confirmed quasar, with the SDSS IV-BOSS (Baryon Oscillations Sky Survey) yielding candidate sources now exceeding one million [87, 37] . The optical surveys have been paired with matching X-ray surveys: the XMM-Newton serendipitous survey [135] reaches flux limits typically in the range 1 − 5 × 10 −15 ergs s −1 cm −2 nicely complement some existing SDSS data for i < 22 type 1 quasars at z = 2. FIRST [8] and Herschel-Atlas [30] data also provide radio and sub-mm counterparts for optically selected AGN over a large fraction of the celestial sphere. How will these new and less new data be organized? Will all sources be confused together with the naïve expectation that all quasars are the same object? This attitude -that was stressed as the foundation of quasar studies by an influential speaker at a recent international meeting -has proved to be confusing, suffocating, given the great diversity in quasar spectral properties. Current practice however does not go beyond a generic distinction between type 1 and 2, and between RL and RQ sources. 4DE1 helped recognise important trends at low-z. Its extension at higher z requires some care with the consideration of M BH and luminosity effects that are weak but become significant if M BH and luminosity span several decades.
The Eddington ratio bias

5
We usually have no synoptic view of a broad wavelength range for individual quasars. Accessible rest-frame ranges provided by survey spectra depend on z: Hβ: 0 < z < ∼ 0.7; Lyα z > ∼ 2.0 ; Civλ1549: z > ∼ 1.4; Siivλ1397; z > ∼ 1.7; 1900 blend (Aliiiλ1860+ Siiii]λ1892+
Ciii]λ1909+ Feiii): z > ∼ 1.1. Since LILs are mainly in the optical and HILs in the UV, our ability to perform the usually fruitful comparison between LIL and HIL profiles is still limited to small samples of ∼ 100 sources.
In addition, the flux limits associated with optical surveys cause what is literally an "Eddington ratio bias." Sources with larger masses will be detected radiating over a broader range of Eddington ratios than sources with smaller masses. Actually, typical black hole masses of local NLSy1s would go undetected at z ≈ 2 at the flux limits of the deepest currently available surveys (Fig. 3 and Fig. 2 of [116] ). We are forced to study faint quasars at low z, and luminous quasars at high z. If we define as intrinsically faint a quasar whose luminosity is below the knee of the quasar luminosity function [15, 96] , those quasars are in the high luminosity tail of the local quasar luminosity function. We do not observe active black holes of large mass ( > ∼ 10 9 M ⊙ ) in the local Universe. On the other hand, even the deepest surveys do not sample -or are at least biased against -the small mass black holes that are observed in local quasars. Therefore, when we consider mass effects we have to compare sources that are at very different redshift. This makes very hard or even impossible to distinguish between true luminosity and evolutionary (z-dependent) effects.
To recognise highly accreting quasars at low-and high-z we have to define criteria that are not strongly luminosity dependent. If we resort to optical and UV rest frame spectra (still major identification tools, and going to stay so for a foreseeable time) then we have to find equivalent criteria for optical and UV data that are equivalent in finding highly accreting quasars.
The Eddington ratio bias should not hamper our ability to find large M BH quasars radiating at high L/L Edd even at the highest z. Small M BH quasars, even if radiating close to the Eddington limit, are however not detected at high redshift even from the deepest quasar surveys: they are simply not reported in present-day catalogues. This is made explicit by the left panel of Fig. 3 illustrates the selection effects in the redshift absolute magnitude plane by the flux limit of the SDSS. The right panel of Fig. 3 shows the concept of Eddington ratio bias for a fixed black hole mass: there is z-dependent limit to sources with detectable L/L Edd .
Highly accreting Pop. A sources
At low z Spectral types have been defined along the E1 sequence and extreme quasars cluster in spectral types A3 and A4 (Fig. 1) . The 4DE1 parameters for I Zw 1 (spectral type A3) are extreme, making it a candidate for the sources we are seeking. M BH and L/L Edd estimates for this source following the conventional methods described earlier yield log M BH ≈ 7.3 − 7.5 in solar units and log L/L Edd ≈ −0.02 ± 0.11 [126, 80, 124] . The optical and UV emission line properties of I Zw 1 allow for the following empirical selection criteria: (a) ratio of the intensity of Feii emission in the blend at 4570 and Hβ, R FeII > 0.5 (at low z) and (b) Aliiiλ1860/Siiii]λ1892≥ 0.5 and Siiii]λ1892/Ciii]λ1909≥ 1.0 (at high z). Fig. 5 shows the Hβ and 1900 spectral ranges for two composite A3 samples. The optical and UV selection criteria are equivalent [61] .
These criteria were used to isolate a sample of extreme quasars from the SDSS DR4, Figure 4 : Luminosity effects on FWHM(Hβ), shown against log L for the samples of [141] (grey dots), [142] (blue dots), and the high L sample of [68] (red dots). The two lines show the minimum FWHM as a function of luminosity for sources radiating at Eddington limit, assuming the M BH can be estimated from the virial relation, and that there is a Kaspi-type power-law scaling relation for the emitting region size with luminosity (r ∝ L a ). Two cases, for a ≈ 0.52 and a ≈ 0.67, are shown.
mainly in the redshift ranges 0.4 -0.7 (applying criterion (a)), and 2.0 -2.7 (applying criterion (b)). Fig. 6 shows the L/L Edd distribution that is tightly peaked around a limiting value with a relatively small scatter, ≈ 0.15 dex [61, 62] . The agreement between the samples selected using low-z Hβ and high-z 1900 blend is excellent: there is just a small systematic deviation by about 20 %. While this small deviation is not undermining the consistency of the optical and UV criteria, its amplitude is large enough to have a significant effect if xA sources are intended to be used as distance indicators for deriving cosmological parameters ( §7). Are criteria (a) and (b) a sufficient condition for identifying xA sources? Apparently so, since we were unable to find sources satisfying these criteria for which there is a deviation from the condition L/L Edd = 1 that is significantly different from the one expected from the measurement errors convolved with the main known sources of uncertainty. The criteria are also expected to include the "super-Eddington accreting massive black holes" (SEAMBHs; [128] ) that show steep X ray spectra [130] . The very same criteria may not however offer a necessary condition: the emission-line ratios employed as diagnostics are metallicity sensitive [78] . Criteria (a) and (b) isolate sources that are heavily enriched (5 -10 Z ⊙ ), and it is at present unclear whether we can expect a tight relation between metallicity and L/L Edd [105] .
At high z and L Given a relation between emitting region radius and luminosity,
α , the virial mass can be rewritten for FWHM=∆v:
, where the α ≈ 0.5 [9] . The first equation shows that the FWHM increases moderately with M BH at a fixed luminosity. The effect is, albeit not first order, noticeable on line widths since quasars span a broad M BH range (10 6 − 10 9.5 M ⊙ [118, 73, 138, 114] ). The second equation indicates that for a given L/L Edd , the FWHM increases slowly with luminosity. In addition, there is a minimum FWHM at any L if there is a defined maximum L/L Edd (Fig. 4 adapted from [68] ). In practice, for a limiting L/L Edd = 1 the increase in FWHM as a If we want to consider a physical definition of NLSy1s as sources radiating close to the Eddington limit, then it is necessary to generalize to broader line widths [29] , employing a defining criterion that is independent of line width and instead traces the source accretion state.
Spectral energy distribution
Several analyses consistently indicate that a slim accretion disk should emit a steep soft and hard X-ray spectrum [121, 131, 17] , with hard X-ray photon index (computed between 2 and 20 KeV) converging toward Γ hard ≈ 2.5 and bolometric luminosity saturating to M BH , [75] , and λ L is a constant related to the asymptotic L/M BH ratio forṁ → ∞.
Observationally, the medium/high-energy SED analysis is complicated by a soft X-ray excess and a hard X power-law extending to very high energy (> 20 KeV). The simplest interpretation of these SED components is optically-thick (the soft X excess, [12, 53, 42] ) and optically thin Comptonized radiation (the hard X ray power law), probably associated with a hot corona surrounding the black hole. The soft-X excess is frequently detected in the case of highly accreting sources even if, in very recent times, a few AGN have been discovered where the bare accretion disk may be the sole FUV soft-X emitter [e.g., 25] . A wealth of physical information can be obtained from the soft-X and FUV domains. However, the ionizing continuum SED and the associated bolometric correction of extreme quasars are still poorly constrained and a subject of current studies [e.g., 96, 106] . Even if there is a general consensus that xA quasars show a steep X-ray spectrum, it is not obvious how the far UV/soft X spectral region is affected by Comptonization of cold disk photons (a conventional explanation for the soft X ray excess), by a disk temperature increase associated with a higher black hole spin (larger parameter a), and/or by the presence of a slim geometry at high accretion rate.
7 Highly accreting quasars: promising standard candles?
Quasars show properties that make them potential cosmological probes [e.g, 69, 6] : they are plentiful, very luminous, and are detected at very early cosmic epochs (currently out to redshift 7). However, they have never been successfully exploited as distance indicators in the past decades. Their luminosity is spread over six dex, making them antithetical to conventional standard candles. In addition, attempts at providing one or more parameters The luminosity residuals ∆ log L are defined by the difference between the virial luminosity estimate (that is redshift independent) and the luminosity computed using the customary relation linking it to the observed fluxes and to the luminosity dis- tightly correlated with luminosity were largely unsuccessful: the "Baldwin effect" did not live up to its cosmological expectations, [63, 10] . Several research groups [130, 128, 134, 52, 24, 45, 61] are now focusing on the use of quasars to constrain two main cosmological parameters: the energy density of the Universe associated with matter and the cosmological constant. Two main different approaches are proposed, as summarily reviewed by [62] : the use of "standard rulers" (basically, the linear size of the broad line emitting region, [32, 134] ) or luminosity estimates independent of redshift.
Realistic expectations are now kindled by isolating a class of quasars with some constant property from which the quasar luminosity can be estimated independently of its redshift. As mentioned earlier, in super Eddington accretion regime, a geometrically and optically thick structure known as a "slim disk" is expected to develop [1] . Quasars hosting slim disks should radiate at a well defined limit because their luminosity is expected to saturate close to the Eddington luminosity even if the accretion rate becomes highly super-Eddington.
If L/L Edd can be derived from some distance-independent measure, it becomes possible to derive distance-independent quasar luminosities. The Eddington ratio is proportional to the ratio of source luminosity to black hole mass. A virial broadening estimator can be extracted from the FWHM or velocity dispersion of suitable optical and UV lines [59, 102, 81] . Negrete et al. [81] derived a relation between r em and the ionizing photon flux Φ illuminating the line emitting region. This relation is based on diagnostic ratios and is fully independent of z-derived parameters. The basic equation relating line width to luminosity (the "virial luminosity equation") can then be written as: L ∝ (L/L Edd ) 2 κΦ −1 (δv) 4 , where κ is a function of quasar intrinsic properties (see [61] Eq. 6 for the derivation of a fully developed expression; also cf. Eqs. 6 and 7 of [52] ).
The advantage of extreme radiators is that (1) a large sample of highly accreting quasars can be selected with relative ease from recent major surveys (i.e. SDSS IV -BOSS); (2) the sample will cover a broad redshift range, up to z ≈ 3 − 4; (3) the redshift coverage will be uniform, save for a small gap at z ≈ 0.8 − 1.1 due to atmospheric absorption; (4) selection criteria are empirically defined and do not require model-dependent assumptions. Quasars can provide a fully independent measure from supernovae, baryonic acoustic oscillations, and clusters of galaxies that suffer from a rather low redshift detection limit (z ≈ 1). Quasars can be easily detected up to z ≈ 4 but those in the range 1 < z < 3 − 4 are of greatest interest because the effect of the cosmic matter density is believed to dominate over the repulsive effect of the cosmological constant. Extremely accreting quasars can yield an independent measure of Ω M with tight limits.
xA quasars luminosity estimates from the virial equation are still plagued by a relatively large scatter. Several observational and physical aspects of xA sources should be clarified before taking the leap of a cosmological application. The analysis of Marziani & Sulentic [61] indicates that a major source of statistical error is the scatter due to orientation effects. Line widths depend on viewing angle, with a maximum effect estimated to be about a factor 2 (e. g., [22] ). An estimate of the viewing angle can be obtained through disk wind models [28, 94] of the Civλ1549 line whose profile is affected by a strong radial component associated with outflowing gas [77, 38] .
In addition to a reduction of the rms associated with an increase in sample size, it is necessary also to ensure a minimum S/N: measurements on mock emission line blends indicate that a S/N ≈ 20 could yield virial broadening estimators with a statistical accuracy of ≈ 10% for W≈5Å. Mock samples indicate that a large number (∼ 1000) and wide redshift coverage should allow us to measure Ω M with a precision δΩ M ≈ ± 0.1 at a 2 σ confidence level [61] , and to meaningfully constrain Ω Λ .
A large sample, uniformly distributed in redshift would make it possible to consider the evolution of the equation of state of dark energy as a function of redshift. Current issues go beyond the existence of the dark energy and focus more on its properties. The simplest model for dark energy is a cosmological constant with a fixed equation of state (p = wρ, with fixed w = −1). However, the dark energy density may depend weakly upon time, according to many proposed models of its nature [20] : a general scalar field predicts w to be negative and evolving with redshift. The strength of an xA sample is the ability to build the Hubble diagram covering uniformly a broad range of redshifts, with the expected precision scaling with the inverse of the square root of the number of sources. xA quasars may turn out to be ideal distance indicators to test whether the dark energy equation of state is constant or is evolving as function of redshift (following selected parametric forms for w(z), [19, 18] ).
Conclusion
We have here reviewed recent results obtained especially in [61, 62, 117, 111, 116] . Highly accreting quasars can be identified and studied most easily in the 4DE1 context originally proposed by Sulentic et al. [112] . Since the "main sequence" in the parameter space is primarily governed by L/L Edd , highly accreting sources cluster at one end of the quasar distribution. It is possible to define a sufficient condition for identifying highly accreting quasars that can be applied to large samples of spectra. The same criteria may also work for RL sources. There is a straightforward explanation of the Population A/B dichotomy in terms of structure of the accretion flow, and highly accreting quasars are most likely the ones radiating at the highest accretion rate, with luminosity saturating toward an asymptotic L/M ratio. If so, xA quasars offer unprecedented possibilities as distance indicators.
Many open issues concern xA sources. We still now relatively little about their SEDs, their host properties, their emission line properties in the Hβ range at high z. Physically, there is no established connection between the broad line emitting region structure and the presence of a thick structure. The use of xA sources as "Eddington standard candles" is really a fascinating opportunity whose practical fullfilment rests however on obtaining a clear view of the broad line emitting region structure.
